Though several maize varieties have been developed and introduced over the years in Ghana, farmers still face challenges of access to quality seed maize. Among the major constraint is lack of proper drying systems to guarantee quality of seed produced. As in most parts of Africa, drying of maize in the open, on bare ground along shoulders of roads is still a common practice in Ghana. In this study, a 5-tonne capacity hybrid solar biomass dryer was developed for drying maize for seed and food/feed in Ghana. Effect of air temperature in the dryer on the physiological quality and germination of maize kernels was investigated. Maize grains were dried in the open sun simulating farmers practice and using the dryer at 4 varying levels (L1, L2, L3 and L4) with corresponding heights (0.6 m, 1.2 m, 1.8 m and 2.4 m, respectively) from the ground. Harvested maize at 22.8% moisture content was dried at the varying levels until reaching the final desired moisture content of 12.8% ± 0.2% (wb). Results showed that, air temperatures in the dryer increased in accordance with height with lowest mean temperature of 44.4˚C ± 4.6˚C recorded at L1 and mean maximum of 52.8˚C ± 5.4˚C at L4. Drying temperatures recorded at L1 -L3 and ambient had no significant effect (p < 0.05) on kernel damage and viability. Drying conditions at L1-L3 were considered optimum (<50˚C) for kernel drying compared to the topmost tray, L4. Kernel stress crack index (multiple and checked) was therefore reduced on average by 14% kernel germination increased by 33%. This satisfies the dryer's potential to be used for commercial drying of maize grains for seed production for smallholder farmers in Ghana.
Introduction
Maize (Zea mays) is an important cereal food crop extensively cultivated worldwide for food and as livestock fodder. In Ghana and sub-Sahara Africa, maize is the most important cereal crop produced and is also the most widely consumed staple food. The production of maize in Ghana is dominated predominantly by smallholder, resource poor farmers mainly under traditional production practices and rain-fed conditions resulting in yields well below attainable levels [1] . Maize yields in Ghana average approximately 1.9 metric tonnes per hectare, however, achievable yields as high as 6 metric tonnes per hectare are possible, if farmers use improved seeds, fertilizer, mechanization and irrigation [2] . However, availability of quality improved seeds is one of the major challenges faced by smallholder farmers in Ghana resulting in over reliance on their own seed stock from their previous harvest for the next production. This is corroborated by [3] who reported that, over 80% of smallholder farmers in Africa mainly get their seeds from the informal seed system which include farmers' own saved seeds, seed exchanges between farmers or buying from the local grain market.
Maize at harvest normally has high moisture content which is considered inappropriate for safe storage as grain for seed or feed. Under such situations, there is clearly a need for a reduction in moisture to preserve the physiological quality of seeds for at least eight months, impeding possible chemical and physical changes that may come about during storage up to sale or use of the seeds [4] . Drying maize after harvest from high moisture content (20% -30%) to low safe storage moisture content (12% -14%) is therefore necessary to ensure storability and preservation of maize grains of seed lots in warm and humid countries like Ghana.
Post-harvest activities such as drying and storage are among the key areas along the maize value chain that is of critical importance to smallholder farmers/traders in Africa [5] . However, during traditional drying of maize, farmers leave the crop to dry in the field or in the open sun next to farmers' homes or along roadsides, either on bare ground or on tarpaulins. This is considered unhygienic and can be detrimental to the quality of the dried maize grain. Additionally, during periods of unfavorable weather conditions, especially, in the major production season when harvest coincides with the raining season, drying can take up to 10 days before a safe storage moisture content of 12% -14% is Open Journal of Applied Sciences reached. Inadequate drying especially among smallholder farmers during such occasion poses serious threats to food safety and security in Ghana. Drying under such situations create favourable conditions for fungal growth and insect damage during storage [6] leading to substantial loss of grains for seed or food. A significant percentage of post-harvest losses and aflatoxin contamination in maize and other foodstuffs can therefore be attributed to improper and/or inefficient drying [7] particularly during such periods in very humid countries like Ghana where most farmers rely on the traditional open-sun drying method. Nevertheless, the few installed heated air mechanical dryers for maize seed drying is also not desirable by most smallholder farmers in Ghana due to high drying charges and excessive drying air temperatures of 70˚C -100˚C. This poses severe constraints on crops such as beans with recommended drying temperature (35˚C), rice (45˚C), and all grains (45˚C) if they are to be used for seed [8] .
The viability of grain can therefore be directly linked to the drying temperature attained during the drying process. Seed embryos could be killed by extremely high temperatures and therefore low temperature drying schemes must be used. Seed grain may be dried in any type of dryer provided it is operated at a low temperature and preferably with high flow rates than generally used [8] . [9] , reported maximum average germination percentage and viability of dried paddy seed of 86% and 98%, respectively, after drying paddy seeds at 44˚C in a hybrid solar drier. Rapid drying under high temperatures in mechanical drying systems often results in stress cracks, reduction of milling quality of grains, discolouration and reduced germination potential [10] .
Conventional solar dryers may be a solution to these challenges but due to the high weather dependency, usage is limited during rainy periods, cloudy weather conditions and at night. Due to this, the commercialization of solar dryers has generally not been successful leading to limited or non-adoption of such systems by farmers in Ghana [11] . To overcome the restrictions of the conventional type solar dryers, a hybrid solar dryer with heat energy from solar radiations and fossil fuel or biomass is required for drying agricultural products [12] . Integration of these energy sources can lead to a reduction of drying time and have positive effects on quality of the product. This is corroborated in a study that reported maize grain dried using a biomass-heated natural convection dryer did not significantly reduce the kernel viability [13] . In this study, the performance of a 5-tonne capacity solar biomass hybriddryer (SBHD) that integrates both solar and biomass energy for commercial drying of maize for seed production was investigated. Specifically, the effect of drying temperature on stress cracks of grains dried in the dryer and viability were determined.
Materials and Methods
The experiment was conducted in January, 2017 using a 5-T capacity SBH dryer purposely constructed for a commercial seed maize distributor at Wenchi in the Brong Ahafo Region of Ghana. respectively. The dryer is coupled with a biomass burner enclosed with a crossflow type heat exchanger to raise the temperature of ambient air that is blown into the drying chamber using a 0.374-kW axial-flow fan that draws in drying air through the heat exchangers and passes it through the drying beds.
The SBHD was test-run during the minor maize production season under load conditions during the month of January 2017 at the installed location.
Experimental Procedure and Setup
To assess the performance of the SBHD, white shelled maize at 22. Moisture content (%); 1 1 100 The drying process started at 09:50 am and continued for a period of seven (7) hours. During this period, TinyTagTGP-4017 data loggers (Gemini Data Loggers, Chichester, UK) were installed near the experimental cages to monitor and register variations in temperature and relative humidity in the drying environment. Five data loggers were positioned, as shown in Figure 2 , at each of the four levels and the average used to represent the drying conditions at each level. Drying conditions in the dryer were compared with the ambient conditions.
Germination Test
The germination test was carried out in accordance with the criteria established in the Rules for testing seed [14] . Four sub-samples each of 100-seedsfor each drying level and a similar set-up for grains dried in the open sun were randomly selected and planted in germination trays filled with soil fetched from a river bank. The setup was kept under room temperature conditions. Emergence counts started from the 5 th day after planting and continued on the 6 th and 7 th days. The percentage of normal seedlings was calculated eight days after the test was set up. The percentage germinated seeds were calculated using Equation (2) as reported by [15] . number of seeds germinated % Germination 100% number of seeds set for germination × =
Stress Crack Test
Maize grains were selected by random sampling from each station per layer of dried grains. For each sample, 100 seeds free from insect attack were counted and analysed for stress cracks. The samples were placed on a light box and checked for single, double, multiple or no cracks. The stress crack index (SCI) for each sample was determined using Equation (3) as proposed by [16] .
Data Analysis
The experiment was conducted in a complete randomized design and data obtained were subjected to analysis of variance (ANOVA) using GenStat statistical 
Results

Temperature Variations during Drying
The temperature profile recorded during the drying of the maize grains for seed in the SBHD is presented in Figure 3 of 48.1˚C was higher than the ambient temperature by 12˚C. This stratification was attributed to the solar insolation during the time of the experiment as suggested by [17] . Additionally, hot air from the furnace rises due to forced convection with the heat accumulating at the upmost levels of the dryer leading to higher temperatures at L4.
Changes in Maize Grain Moisture Content during Drying
As the drying temperatures increased, the moisture content of the maize grains to the additional heat from the biomass furnace attached to the dryer which facilitated the faster drying of grains to the required moisture content. Figure 4 shows the variation of moisture content of maize samples dried at different levels in the SBHD as compared to the samples dried in the open sun.
Effect of Drying Temperature in SBHD on Maize Germination
Drying maize using the SBHD did not significantly reduce the viability of the kernels. However, there was a 9% reduction in overall germination potential of grains dried in the SHBD compared to grains dried in the open sun. From the temperature effect, it was observed that, due to the increase in temperature of drying air at the upper level (L4), the percentage of kernel viability decreased compared to the lower levels ( 
Stress Crack Analysis
Percent stress-cracked kernels in different categories for maize grains dried at the various levels in the SBHD are presented in Table 2 . It was observed that there was much variation among the different stress-crack categories for grains cracks were the lowest at all the levels followed by the doubles and the singles in that order. To establish variations in drying temperature effect on the quality of the grains, the SCI was determined for grains dried at the various levels. It was revealed that, temperature had an effect on the final quality of the dried maize in terms of the kernels susceptibility to damage or breakage. As shown in Table 2 , the highest SCI of 160 was recorded for Level 4 followed by L3, L2, L1 and the open sun with SCI of 70, 24, 22 and 14, respectively. The outlier of the SCI at L4
can be attributed to the higher temperatures recorded at the level and indicates a high susceptibility to damage or breakage of grains at L4.
Discussions
Temperature Trend in Solar Biomass Hybrid Dryer
The results revealed that drying temperatures in the SBHD increased from bottom (L1) across the upper levels (L2, L3 and L4) of the drying shelfs/racks. A mean drying temperature of 44.4˚C was recorded at L1 while a mean temperature of 52.8˚C was recorded at L4. Comparably, the mean open-sun drying temperature of 35.99˚C was recorded during the same period. The high temperatures recorded in the dryer compared to the open-sun temperature could be attributed to the heat build-up in the dryer due to the transparent cover material used to construct the SBHD. As reported by [10] , the transparent cover material allows direct solar insolation to occur and can prevent heat from escaping by acting as a heat trap for infrared (thermal) radiation thereby confining the heated air. The increasing trend in temperature from L1 to L4 could also be attributed to the air density differences due the buoyancy effect which caused stratification of hot and cooler air. The closeness of the top drying shelves to the roof where the hot air is accumulated beneath and recirculated in the dryer may also have contributed to the increasing trend. Similar results were obtained by [18] during maize drying in a solar cabinet dryer. The burning of maize cobs in the biomass furnace also contributed to the high temperature trend in the dryer compared to the ambient temperature agreeing with the findings of [13] .
Effect of Drying Temperature on Moisture Loss, Kernel Damage and Viability
As drying temperature increased from the bottom to upper drying shelves (L1 -L4) in the SBHD, grain moisture content decreased. Mean moisture content decrease steadily from 22.8% to 12.8% (wb) within 7 hours of drying. In a similar work by [13] , maize cobs dried in a biomass natural convection dryer had its moisture content reduced to 14% between 5 and 6 hours of drying. Similar results were also obtained for the drying of beans as reported by [19] , and coroba slices by [20] . The final moisture content of the dried maize grains was close to 13%. This according to [21] is appropriate for seed storage and may prevent mould growth and preserve seed quality in seed production. The effect of drying conditions on grain quality was demonstrated using a damage index (DI) as reported by [22] . The results as presented in Table 2 showed that there was a correlation between kernel stress crack formation and drying temperature. An increase in drying temperature across the drying shelves resulted in an increase in stress cracks on maize kernels. This is corroborated by [23] who reported of increased damage index as drying temperature increased above 75˚C during drying of a corn variety named SC-10.
In this study, the drying temperature with the lowest stress crack index was 35.99˚C ± 3.2˚C for kernels dried in the open-sun. Comparatively, similar results were observed for kernels dried at the lower levels (L1 -L3) though there was an overall temperature increase in the dryer compared to the open-sun. The reduction in stress crack index at the lower levels could be attributed to lower temperatures and the overcast created by the drying shelf above, L4, which shielded the lower levels from direct solar insolation on the kernels. However, the percentage damage of kernels in the single, double and multiple cracking categories increased significantly for kernels dried at L4 (Table 2 ) with the highest recorded stress crack index of 160.The direct exposure of the kernels and the maximum grain temperatures reached in the dryer at the top trays (L4) may have contributed to this occurrence. Similar works by [24] and [25] showed similar results where an increase in drying temperature increased moisture gradient, creating internal tensions, cracks, breakages, and fractures in dried maize. Damage and fractures which results in cracks in the structure of agricultural products due the creation of internal stresses has also been reported by [26] .
Germination of dried maize kernels was affected by drying temperature in the SBHD. Evaluation of maize germination performance established the negative effects of increase in drying temperature on the physiological quality of maize seeds. An increase in drying temperature from the bottom to the upper drying shelves (L1 -L4) resulted in decreases in kernel germination. Maize kernels dried at the upper tray (L4) of the SBHD where the highest mean temperature (52.8) and highest SCI (160) were recorded had the lowest kernel germination (44%). Similar observation was made by others in evaluation of sweet sorghum seeds in which a reduction in germination was recorded, especially at temperatures above 40˚C [27] . The low germination rate observed at L4 could be attri-Open Journal of Applied Sciences buted to the high drying temperature, which resulted in the formation of stress cracks in the seed coat and microfissures in the cotyledons as suggested by [28] and [29] .
Viability of maize kernels dried at the lower levels (L1 -L3) were not significantly affected by the drying air temperature. Kernels dried at L1 -L3 showed a germination range (61% -77%), compared to kernels dried at the upper tray (44%). However, improvement in the drying process can help achieve the required 90% recommended by the Ghana Certified Seed Producers Association. Overall, lower drying temperatures at the lower levels (L1 -L3) resulted in increased germination by 33%. Similar observations were made by [13] , who reported that, drying maize using a biomass-heated convection dryer did not significantly reduce germination potential. Also [19] reported that, grain dried using the natural solar convection dryer technology is also good for seed production.
Conclusions
The suitability of the solar biomass hybrid dryer for maize for commercial production of seed maize was investigated. The chronological change of physical characteristics of maize grain as affected by drying temperature in the dryer was studied. Results showed that there was a correlation between drying temperature, damage index and maize kernel viability. Kernel damage and germination were significantly affected at the upper drying section (L4) of the dryer as the drying air temperature increased. However, the optimum drying temperature (<50˚C) achieved at the lower levels (L1 -L3) of the dryer did not significantly affect the final quality of dried kernels and increased germination by 33% compared to kernels dried at L4.
Finally, the local manufacture of the solar biomass hybrid dryer will not only provide assurance to commercial maize seed producers but also maize traders, farmers, aggregators and poultry feed producers, who can all benefit from the dryer as a better alternative to the traditional open-sun drying method which is weather dependent and not hygienic.
